173 Yb atoms to study dynamics in the 1D dissipative Fermi-Hubbard model experimentally and theoretically, and observe a complete inhibition of two-body losses after initial fast transient dynamics. We attribute the suppression of particle loss to the dynamical generation of a highly entangled Dicke state. For several lattice depths and for two-and six-spin component mixtures we find very similar dynamics, showing that the creation of strongly correlated states is a robust and universal phenomenon. This offers interesting opportunities for precision measurements.
Introduction
Real world quantum systems are inherently coupled to an environment, causing decoherence and dissipation. This is often regarded as one of the biggest impediments to the investigation and utilization of quantum systems. Counterintuitively, it was recently proposed to employ engineered dissipation for quantum state preparation [1, 2, 3, 4] , entropy transfer [5] , or as a tool for the measurement of correlations [6] , to name only a few examples.
Cold atom experiments are commonly appreciated for the high degree of control over most system parameters and their strong decoupling from the environment, which makes them very well-suited as quantum simulators of interacting quantum many-body systems [7] . Furthermore, ultracold quantum gases are ideal candidates for studying the influence of dissipation under well-controlled conditions by carefully introducing a certain coupling to a bath [8, 9] or tailored particle losses. One-body losses were implemented in different ways, as for example with an electron beam pointing at a Bose-Einstein condensate of 87 Rb atoms, where a suppression of losses due to the continuous quantum Zeno effect [10] and a dissipatively driven non-equilibrium phase transition was observed [11, 12] . In other experiments, near resonant photon scattering was used to study the thermalization of a localized many body state in the presence of dissipation [13] , or measurement induced suppression of tunneling [14] . Two-body losses were realized in the form of inelastic collisions. For a system of bosonic 87 Rb Feshbach-molecules in an array of one-dimensional tubes a suppression of particle losses was studied [15] and theoretically analyzed [16, 17] . Loss suppression was observed in a similar system with hetero-nuclear fermionic molecules [18, 19] . Tuning the inelastic two-body loss rate via a photo-association resonance in a system of bosonic 174 Yb atoms, a delay of the melting of the Mott insulating state was found [20] . In a gas of Cs atoms the formation of a metastable Mott insulator with attractive interactions was observed when increasing the three-body loss rate employing a magnetic Feshbach resonance [21] .
Here we report on the realization of the one-dimensional dissipative Fermi-Hubbard model with two-and six-spin component mixtures of ultracold 173 Yb atoms in the metastable-state 3 P 0 in an array of one-dimensional lattice systems. Dissipation naturally occurs in the form of inelastic two-body collisions. We work in a regime where the inelastic interactionhΓ 0 is comparable to the on-site interaction U , which has not been studied in a fermionic system yet.
We find that after initial loss dynamics on the time scale of superexchange particle loss ceases and a considerable fraction of atoms remains. For two-and six-spin component mixtures we observe universal dynamics in the sense that the remaining fraction does not depend on the lattice depth. This can be explained by the emergence of a highly correlated state which is predicted [4] to uniquely be a Dicke state [22] . Dicke states are characterized by a fully symmetric spin wave function with maximal total angular momentum S eff = S max and a minimal uncertainty ∆S z (as depicted in figure 1a ), and notably exhibit optimal metrological properties [23, 24] .
Model
To gain insight into the expected dynamical behaviour of our system we consider the dissipative Fermi-Hubbard model in one dimension. It is characterized by three quantities, the nearest neighbour tunneling matrix element J, the on-site interaction energy U = 4πh 2 a ee m −1 |w 0 (r)| 4 dr and the on-site loss rate Γ 0 =hβ ee |w 0 (r)| 4 dr [18] . Hereh is the reduced Planck constant, a ee ≈ 306.2 a 0 is the elastic s-wave scattering length in units of the Bohr radius a 0 [25, 26] , m is the mass, w 0 (r) is the Wannier function, and β ee ≈ 2.2 · 10 −11 cm 3 s −1 is the two-body loss coefficient [25] . For the full description of the dynamics we have performed numerical simulations of the underlying master equation (see Appendix A). Regarding our experimentally accessible quantity of interest, the particle number dynamics N (t), the essential physics can already be understood by considering a simplified model [16, 18, 19] . In this simplified model, depicted in figure 2a, the intermediate doubly occupied state can be integrated out provided the tunneling is the smallest energy scale of the system (J U,hΓ 0 ). The dynamics in the resulting reduced two-level system (shown in figure 2b ) is governed by an effective loss rate [16, 18, 19] 
shown in figure 2c. We identify two regions where losses are suppressed. For U hΓ 0 , in the Mott insulator regime, losses are strongly reduced caused by a suppression of double occupancy by elastic interactions. ForhΓ 0 U , in the quantum Zeno regime, losses are suppressed because the strong inelastic two-body interactions act as a continuous measurement of doubly occupied sites, prohibiting the time evolution of the system. U and Γ 0 both scale with the Wannier function, and thus for 173 Yb the dimensionless dissipation strengthhΓ 0 /U = 0.29 cannot be tuned by changing the lattice depth and is thus constant in the measurements presented here. Our system is therefore in the largely unexplored regime where U andhΓ 0 are comparable.
Using this effective loss rate, the time evolution of the total particle number can be described by [16] 
where P N = (N − 1)/N is the probability of finding an atom in a different spin state on a neighbouring lattice site for an uncorrelated spin mixture with N spin components at unitary filling (see Appendix B). N 0 ≡ N (t = 0) is the initial number of atoms and κ is the loss coefficient, which is related to the effective loss rate through [18] 
where q is the number of nearest neighbours (q = 2 for a 1D lattice), η 0 is the initial filling of the lattice (η 0 = 1 for a lattice with unitary filling), and g (2) is the nearest neighbour correlation function. For two-spin components g (2) has the form [6]
wheren i andŜ i are the number and spin operators for lattice site i, respectively. Here ij indicates the summation over nearest neighbours. Ultracold quantum gases offer the intriguing possibility to study high-spin systems [27, 28, 29, 30, 31, 32] , i.e. systems which are composed of particles with a large intrinsic spin S > 1/2. In our case, 173 Yb possesses S = 5/2, which together with the underlying SU(6) symmetry allows working with up to six different spin components. Therefore we generalize the required nearest neighbour correlation function for an arbitrary number of spin components and find
wheren iσ ≡ĉ † iσĉiσ is the number operator for lattice site i and spin σ, andĉ † iσ (ĉ iσ ) is the fermionic creation (annihilation) operator.
In general, the nearest neighbour correlation function as used here, by construction yields g (2) = 1 for a state without spin correlations. A fully antisymmetric spin state, e.g. a quantum antiferromagnetic state, has g (2) = 2, while g (2) = 0 for a fully symmetric spin state. Several configurations result in a vanishing g (2) (depicted in figure 1b ), such as a state without nearest neighbours, a ferromagnetic state, and a highly entangled Dicke state (see Appendix C). Equation (3) clearly shows that the build-up of any nearest neighbour correlations is directly reflected in the loss dynamics.
Methods
To realize the 1D dissipative Fermi-Hubbard model experimentally, we use the alkalineearth-like fermionic isotope 173 Yb in the metastable triplet ground-state 3 P 0 . s-wave collisions in the 3 P 0 metastable-state are significantly inelastic (hΓ 0 /U = 0.29), leading to the desired two-body loss mechanism. Furthermore, the complete decoupling of the purely nuclear spin F = 5/2 from the electronic degrees of freedom leads to SU(N ) symmetry of low energy interactions with N up to six.
In our experiment we use an efficient two-step laser cooling scheme based on a 2D and 3D magneto-optical trap before loading the atoms into a crossed optical dipole trap [33] . We apply optical pumping on the intercombination transition 1 S 0 → 3 P 1 to achieve spin-polarized samples or two-spin mixtures. Subsequently, we evaporatively cool the atoms to quantum degeneracy. In this way, we create samples of N 0 ≈ 10 4 atoms at T ≈ 0.25 T F where T is the temperature and T F is the Fermi temperature. Next, we ramp up a deep triangular 2D optical lattice (V lat ≈ 42 E r , where E r is the recoil energy) and 1D lattice (V lat ≈ 50 E r ) in the third direction to prepare a Mott insulator of 1 S 0 ground-state atoms. We then transfer the atoms to the metastable-state via a rapidadiabatic passage on the ultra-narrow optical clock transition 1 S 0 → 3 P 0 . We initiate the dissipative dynamics by rapidly ramping down the 1D lattice in 300 μs to variable final lattice depths of 5, 6 or 8 E r , enabling tunneling in one dimension. In this way we create an array of effective 1D Fermi-Hubbard systems (hω ⊥ E F , where ω ⊥ is the radial harmonic confinement and E F is the Fermi energy) in which we count both the number of ground-state atoms 1 S 0 and metastable-state atoms 3 P 0 after a variable holding time. Throughout the experiment, a homogeneous magnetic field with B 0 ≈ 3 G is applied perpendicular to the long axis of the 1D lattice to provide a quantization axis for the atoms (referred to as the z-direction).
We normalize our spin-mixture measurements to equalize the effect of the finite lifetime due to one-body losses, which are caused by collisions with background atoms, light scattering from the optical lattice, as well as radiative decay into the groundstate
Since we are only interested in loss dynamics caused by two-body processes, we determine the one-body loss rate from measurements on non-interacting spin polarized samples. Spin polarized fermions are not subject to two-body losses due to the Pauli exclusion principle. We quantify the one-body loss by fitting a decaying exponential to the spin-polarized measurements. In this way we find that the onebody loss timescales are about two orders of magnitude slower than the corresponding dissipative two-body dynamics in the 1D system for a given lattice depth, justifying this procedure.
To complement our measurements we numerically integrate a six-site model for twospin components, using an Adam's method. We initialize the system in an incoherent superposition of pure states without double occupancy, such that the density matrix is diagonal. The initial weights of the pure states can be adjusted to tailor initial states with different correlations, while still ensuring normalization of the initial density matrix (see Appendix A). We study the atom number dynamics and obtain g (2) (t) from the full state information. Figure 3 shows a typical normalized measurement series of the number of atoms N (t) as a function of time for a two-spin mixture with a final 1D lattice depth of 6 E r . We observe a quick initial loss for times shorter than approximately 40 ms. For larger times, we find that the number of atoms stays constant within experimental errors.
Results
In order to properly fit the model (2) to our measurements, we have to assume an exponentially decaying κ(t) = κ 0 e −t/τ . Here κ 0 = 4qΓ eff g (2) 0 η 0 is the initial loss coefficient with the initial nearest neighbour correlation function g (2) 0 , and τ describes the timescale on which correlations build up. The solution to (2) yields
and importantly settles at a finite particle number for t → ∞. As seen in figure 3 , we obtain excellent agreement with our experimental results, indicating that g (2) decays to zero on experimentally relevant timescales.
We note that only an exponentially decaying κ describes our data properly. As shown in figure 3 fits with constant κ, either to the whole data set or exclusively to the initial dynamics, as was done in [15] , do not describe our data correctly. Moreover, for a power-law dependent dκ/dt ∝ −κ n we find that the final atom number always approaches zero for any power n > 1. Our simulations of the full master equation for different initial states also reveal an approximately exponentially decreasing g (2) , strongly supporting our assumptions (see figure 4a) .
We repeat the loss measurements for several final lattice depths. As shown in figure 5a, we observe essentially the same dynamics for all lattice depths after normalizing the data to a superexchange time t SE =hU/J 2 . After about one t SE , the two-body losses almost completely cease, indicating universal dynamics leading to g (2) (t → ∞) → 0. Remarkably, we see no significant difference in the remaining fraction of atoms for different lattice depths. We find good qualitative agreement with our numerical simulations shown in figure 4a, however the timescales of the transient dynamics do not compare perfectly, which requires further research beyond the scope this work.
As mentioned earlier, there are several configurations of atoms in a lattice characterized by a vanishing g (2) . However, in [4] it was shown that for a purely inelastically interacting 1D Fermi-Hubbard system (U = 0) the final state of the time evolution, which has a finite remaining fraction of atoms, is uniquely determined and is in fact a highly entangled Dicke state, depicted in figure 1a. In [4] an expression for the final atom number was derived that only depends on the initial atom number, provided the initial state is an uncorrelated spin state. These Dicke states, characterized by a completely antisymmetric spatial wave function, are dark with respect to the twobody inelastic collisions, which explains the absence of further particle loss in the final state. Our numerical simulations, which are similar to [4] but account for a finite U , reveal that the final state is independent of U . Figure 4b shows the simulation of the atom number dynamics for varying ratiohΓ 0 /U . While the timescale for the transient dynamics changes, the final atom number is unaffected by the on-site interaction, and yields the same result as in [4] .
To estimate the remaining fraction of atoms f th for our system we first calculate the number of atoms per 1D tube and use this as a weighting to obtain the remaining fraction from the result of [4] . The measured remaining fraction of atoms for two-spin componentsf 2 = 0.51 ± 0.03, which we determine from the average of the last five data points, is however larger than the expected f th ≈ 0.27 for an uncorrelated initial state.
We mainly attribute the larger remaining fraction to two effects. Firstly, residual ground-state atoms cut the 1D tubes into systems with effectively smaller atom number due to the sufficiently large on-site interaction U eg between metastable-state atoms and ground-state atoms. In our system we observe approximately 7% ground-state atoms as a result of imperfect preparation. The expected remaining fraction is f th,g ≈ 0.35, assuming the ground-state atoms are distributed randomly over the system. Secondly, we attribute the observed larger remaining atom fraction to a higher Dicke state weight in the initial state at t = 0, which can be understood as follows. Due to finite temperature and quantum fluctuations, the initial ground-state atoms Mott-insulator prior to preparation of the metastable-state contains a certain amount of doubly occupied sites. Atoms on these doubly occupied sites are immediately lost by inelastic two-body collisions during metastable-state preparation via rapid adiabatic passage. Since only the symmetric part of the spatial wave function is affected by these losses, finite correlations, namely g (2) < 1, already emerge before the start of the actual measurement at t = 0. We therefore expect a higher Dicke state weight in the initial state compared to a completely uncorrelated state. This higher initial Dicke state weight leads to a larger fraction of remaining atoms, which is also supported by our numerical simulations, where we have studied initial states with different correlations, as shown in figure 4a . Interestingly, the quantum antiferromagnetic state, which we initialize in our simulations by taking the groundstate of the Fermi-Hubbard model, has a fully symmetric spatial wave function and exhibits a complete loss of atoms, as shown in figure 4a . This potentially offers new possibilities for the experimental characterization of antiferromagnetic correlations at finite temperatures. We have further investigated how the suppression of losses depends on the number of spin states, namely in addition to the measurements in a two-spin system we have experimentally studied Fermi gases involving six different spin states. Our results are summarized in figure 5b . The observed dynamics appears to be very similar to the SU(2) case. After a fast initial loss over a time of roughly t SE the atom number stays constant and is again independent of the lattice depth. We find differences in the remaining fractions of atomsf 6 = 0.41 ± 0.02 andf 2 = 0.51 ± 0.03, which leads tof 6 /f 2 = 0.80 ± 0.06. From fits of (6) to the data sets shown in figure 5 , we extract the initial correlations g (2) 0,6 /g (2) 0,2 = 0.70 ± 0.06 and the respective timescales τ 6 /τ 2 = 1.25 ± 0.14 for the two different cases, and find indications for a non-trivial dependence of the build-up of correlations on the number of spin states. We attribute the difference in g (2) 0 to our preparation via rapid adiabatic passage which works cleaner for the two-spin mixtures and thus imprints more initial correlations for six-spin mixtures. While stronger initial correlations (g (2) < 1) would lead to a larger remaining fraction, we find a smaller remaining fraction for the six-spin mixtures. We understand this based on the idea that a system with more spin components is less affected by the Pauli exclusion principle and thus exhibits stronger losses. This is also reflected in the right hand side of (6) where the remaining fraction directly depends on P N .
Conclusions
In conclusion we investigated dynamics in the one-dimensional dissipative FermiHubbard model using two-and six-spin component 173 Yb quantum gases. We observe universal dynamics governed by an initial fast atom number decay driven by inelastic two-body collisions on the timescale of the superexchange. Subsequently, we witness the formation of a strongly correlated many-body state that is stable with respect to further collisional loss on experimentally relevant time scales and is robust against experimental subtleties like initial particle number fluctuations or changes in the lattice depth. Supported by existing predictions [4] and our numerical simulations of the full master equation we find evidence that these states are likely to be highly entangled Dicke states. These Dicke states could prove to be useful for future metrological applications. By extending our measurements to a six-spin fermionic system, where we observe qualitatively similar behaviour, we underline that the formation of totally symmetric spin states by inelastic two-body losses seems to be a generic effect for SU(N ) symmetric high-spin systems. Our comparison of two-and six-spin state measurements reveals non-trivial differences in the time required to establish the correlated final state, as well as for the final atom number, which requires further theoretical studies.
Future experimental efforts could include tomographic [23, 24] or spectrographic [4] measurements to unambiguously prove the generation of Dicke states. In addition, photo-association could be employed to tunehΓ 0 /U [20] and study loss dynamics across the phase diagram from the Mott insulator to the quantum Zeno insulator regime.
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Appendix A. Master Equation
We describe the dynamics of the system with a numerical implementation of the master equation [34, 35] 
which governs the time evolution of the density matrix ρ(t). The dynamics has unitary and dissipative contributions, given by the first and second term, respectively. The Hamiltonian H is the Fermi-Hubbard model
whereĉ † iσ is the fermionic creation operator for site i and spin σ.n iσ ≡ĉ † iσĉiσ denotes the number operator for a specific spin state. The dissipative contributions are given by the Lindblad operators L i = √h Γ 0ĉi↑ĉi↓ . We initialize the system in an incoherent mixture of states without double occupancy at half filling with uniform probability distribution for these states in the mixture. The most convenient basis for this initialization is the Fock basis. However, to include initial correlations we need a basis that includes the six-site Dicke state given 
We adjust the weights w α to study initial correlations of the system while still satisfying the normalization relation w D + 19w L = 1.
The simulation of dynamics of the quantum antiferromagnetic initial state is initialized with the ground-state of the Fermi-Hubbard model. where A is some normalization, Φ(r 1 , . . . , r N ) is the fully antisymmetric spatial wave function, and σ | σ = σ 1 · · · σ N |σ 1 ⊗ · · · ⊗ |σ N is the fully symmetric spin wave function. For convenience, we will write Φ(r 1 , . . . , r N ) as |Φ . We consider the numerator of (4) for any pair of nearest neighbours where we have introduced B ≡ σ =σ i ,σ j σ =σ i ,σ j σ = σ i , σ j | σ = σ i , σ j as the sum over all spin states except the nearest neighbours i and j. From (C.3) to (C.4) we have used that Φ|n inj |Φ is either 1 if there is an atom on both nearest neighbouring sites, or 0 if one or two of the nearest neighbouring sites is empty. In the latter case, the contribution to g (2) is zero, since then also the second term will yield zero. Further we have introduced |σ i,j ≡ σ i σ j |σ i ⊗ |σ j , which can be written as |↑↑ + |↑↓ + |↓↑ + |↓↓ . We therefore note that for each pair of nearest neighbours, the contribution to g (2) is zero, so summing over the whole system also yields g (2) = 0 for the Dicke state.
